Georg Thieme Verlag Stuttgart · New York 2019, 3, 124-137 paper en of K 2 CO 3 promoted the reaction with a 3c/4c selectivity up to 58:42 . Hence, the decision was made to use a mixture of 1 equivalent of K 2 CO 3 and 1-3 equivalents of Na 2 CO 3 ; whereupon, dramatic improvements in both selectivity and conversion were obtained (entries 13-15). Among these conditions, 3 equiv of Na 2 CO 3 was most effective; under these conditions improvements in both selectivity (3c/4c, 84:16) and conversion (91%) were obtained, with 76% isolated yield of desired product 3c and only 15% yield of product 4c (entry 15). To examine the effect of Na 2 CO 3 on this conversion, the reaction was carried out by replacing the Na 2 CO 3 with NaHCO 3 and KHCO 3 ; in these cases slight decreases in selectivity and conversion were observed (entries 16 and 17). Changing K 2 CO 3 with triethylamine, Cs 2 CO 3 and K 3 PO 4 led to a decrease in selectivity (entries [18] [19] [20] . Subsequently, various solvents such as acetonitrile, acetone, dichloromethane, THF, toluene, 1,4-dioxane, DMF, DMSO and NMP were screened, but none were successful (Table 1, entries 21-29), indicating that methanol is the most efficient solvent for this reaction. To examine the effect of alcoholic solvents on conversion and selectivity, reactions were carried out with ethanol and isopropanol, but decreases in selectivity were observed (entries [30] [31] . To examine the effect of the concentration of 2-chloroethanol on the reaction, experiments were performed using 1 and 2 equivalent of 2-chloroethanol 2a, whereupon a notable decrease in both selectivity and conversion was observed (entries 32 and 33) . At the end of this study, one experiment was performed by varying the temperature from ambient temperature up to 40 °C and then at reflux, but decreased selectivity at the higher temperature was observed (entry 34).
It was therefore concluded that the reaction is efficient and selective for mono-N-alkylation using 1 equiv of 1a, 3 equiv of 2a, 1 equiv of K 2 CO 3 , 3 equiv of Na 2 CO 3 and 2.5 mL of methanol at room temperature.
With the optimized conditions established, mono-N-alkylation of a range of aromatic amines with 2a was performed ( Table 2 ). It was observed that anilines containing electron-donating groups such as Me, and OMe underwent conversion smoothly with excellent selectivity for mono-Nalkylated products with good yields. Electron-withdrawing groups such as NO 2 and COOH at orthoand para-positions did not show any conversion, presumably due to decreased nucleophilicity of the amino group. However, a nitro group at the meta-position gave high selectivity and moderate yield of 3g. For halogen-substituted anilines, better conversions were seen at all ortho, meta and para positions to give 3h-o with an increase in the selectivity for mono-N-alkylated products. R. B. Sonawane et al. Table 2 Scope of Selective Mono-N-alkylation of Aromatic Amines with 2-Chloroethanol Promoted by K 2 CO 3 -Na 2 CO 3 a The strategy was further extended towards O-alkylation of various substituted phenols 5 with 2a to give moderate to excellent yields (Scheme 1, 6a-s). These reactions also demonstrated similar effects on conversion for substrates with substituents having electron-donating or electron-withdrawing groups and steric hindrance at the ortho, meta and para positions. The conditions were also compatible with a range of functional groups, such as alkyl, methoxy, nitro, halide, ester, and aldehyde.
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Scheme 1 Scope of O-alkylation of phenols with 2-chloroethanol promoted by K 2 CO 3 . Reagents and conditions: Phenol 5 (0.5 g, 1 equiv), 2a (3 equiv), K 2 CO 3 (3 equiv), MeOH (2.5 mL, 5 volume), at room temperature stirring for 5-24 h. Isolated yields are given. 
Finally, to demonstrate the synthetic potential of the developed protocol toward the synthesis of commercially important drugs, the formal synthesis of Ticlopidine ® , 51 Vildagliptin ® , 52 Quetiapine ® , 53 and Gemfibrozil ®54 (Scheme 2) was explored.
The formal synthesis of these four drug molecules was achieved by using the developed protocol with modifications of the reaction conditions as given in Scheme 2. The products formed are in good agreement with those obtained by using the previously reported methods and they were obtained in competitive yields. [51] [52] [53] [54] This protocol will help to improve industrial processes that can be applied in the synthesis of such drugs.
In conclusion, a simple method to attain selective mono-N-alkylation of aromatic and aliphatic primary amines with high selectivity and O-alkylation of phenols with excellent conversion, promoted by K 2 CO 3 and controlled by Na 2 CO 3 in methanol at room temperature is presented herein. The mild conditions allow broad functional group tolerance for both amines and phenols. Simple operational and workup procedures make this process applicable for scale-up.
All chemicals were obtained from Sigma-Aldrich, Alfa Aesar, Spectrochem, Avra Synthesis or TCI Europe and used as received without purification. Laboratory grade solvents used for reaction, extraction and column chromatography were purchased from Finar chemicals. The progress of reactions was checked by analytical thin-layer chromatography (TLC Silica gel 60 F 254 plates). The plates were visualized first with short-wavelength UV light, followed by staining with iodine.
Melting points were determined with an open capillary tube. GC-MS analyses were recorded with a Shimadzu QP-Ultra 2010 GCMS system with MS detector (EI mode, 70 eV) and Rxi-624Sil MS column (30 m, 0.32 mm ID, 1.80 m). The major signals are quoted in m/z with the relative intensity in parentheses. Analyses used an injector temperature of 250 °C; ion source temperature of 200 °C, interface temperature of 260 °C and column flow 5 mL min -1 helium, column initial temperature (T 0 ) = 60 °C, hold time (t) = 2 min, ramp = 20 °C min -1 , final temperature (T 1 ) = 240 °C, hold time (t) = 9 to 39 min. LCMS spectra were recorded with a Shimadzu LCMS-8030 system with a triple quadrupole mass spectrometer in electrospray ionization (ESI) mode. 
Synthesis of 2-(Arylamino)ethanols; Typical Procedure
To a mixture of amine 1 (0.5 g, 1 equiv) and 2-chloroethanol 2a (3 equiv) in a round-bottom flask, K 2 CO 3 (1 equiv), Na 2 CO 3 (3 equiv), and MeOH (2.5 mL) were added and the flask was closed with a septum. The mixture was stirred at r.t. and the progress of reaction was monitored by TLC. After completion, the mixture was diluted with cold water (10 mL) then reaction mass was stirred for 5 minutes and extracted with EtOAc or dichloromethane (10 mL). The organic layer was then washed with cold water (10 mL), dried over anhydrous Na 2 SO 4 , filtered and concentrated under vacuum to obtain the crude mixture of products and unreacted amine. Pure mono-N-alkylated amine 3, di-N-alkylated amine 4 and unreacted amine 1 were obtained after column chromatography.
Synthesis of 2-Aryloxyethanols; Typical Procedure
To a mixture of phenol 5 (0.5 g, 1 equiv) and 2-chloroethanol 2a (3 equiv) in a round-bottom flask, K 2 CO 3 (3 equiv) and MeOH (2.5 mL) were added and the flask was closed with a septum. The mixture was stirred at r.t. and the progress of the reaction was monitored by TLC. After completion, the mixture was diluted with cold water (10 mL) and 1 M aq. KOH (10 mL), then the reaction mass was stirred for 5 minutes and extracted with dichloromethane (10 mL). The organic layer was then washed with 1 M aq. KOH (10 mL), dried over anhydrous Na 2 SO 4 filtered and concentrated under vacuum to obtain the pure product 6 without need for further purification.
Formal Synthesis of Ticlopidine ® (3p)
To a mixture of amine 1p (0.5 g, 1 equiv) and alkyl chloride 2b (1.2 equiv) in a round-bottom flask, K 2 CO 3 (3 equiv) and MeOH (5 mL) were added and the flask was closed with a septum. The mixture was stirred at r.t. and the progress of reaction was monitored by TLC. After completion, the mixture was diluted with cold water (10 mL) then stirred for 5 minutes and extracted with EtOAc (10 mL). The organic layer was washed with cold water (10 mL), dried over anhydrous Na 2 SO 4 , filtered and concentrated under vacuum to obtain the crude product. Column chromatography afforded pure 3p.
Formal Synthesis of Vildagliptin ® (3q)
To a mixture of amine 1q (0.5 g, 1 equiv) and alkyl chloride (2c) (1.2 equiv) in a round-bottom flask, K 2 CO 3 (1 equiv), Na 2 CO 3 (1 equiv), and MeOH (2.5 mL) were added and the flask was closed with a septum. The mixture was stirred at r.t. and the progress of the reaction was monitored by TLC. After completion, the mixture was diluted with MeOH (10 mL) and filtered. Evaporation of the solvent gave a residue, which was recrystallized from EtOAc/MeOH (1:1) to obtain pure 3q.
Formal Synthesis of Quetiapine ® (3r)
To a mixture of amine 1r (0.5 g, 1 equiv) and alkyl chloride 2d (2.5 equiv) in a round-bottom flask, K 2 CO 3 (3 equiv), and MeOH (5 mL)/isobutanol (5 mL) were added and the flask was fitted with a condenser. The mixture was stirred at 110 °C and the progress of the reaction was monitored by TLC. After completion, the mixture was diluted with cold water (10 mL), stirred for 5 minutes and extracted with EtOAc (10 mL). The organic layer was washed with cold water (10 mL), dried over anhydrous Na 2 SO 4 , filtered and concentrated under vacuum to obtain crude 3r. Column chromatography afforded pure product.
Formal Synthesis of Gemfibrozil ® (7)
To a mixture of phenol 5f (0.5 g, 1 equiv) and alkyl halide 2e (3 equiv) in a round-bottom flask, K 2 CO 3 (3 equiv) and MeOH (1.5 mL)/isobutanol (1.5 mL) were added and the flask was fitted with a condenser. The mixture was stirred at 110 °C and the progress of reaction was monitored by TLC. After completion, the mixture was diluted with cold water (10 mL) and 1 M aq. KOH (10 mL), stirred for 5 minutes and extracted with dichloromethane (10 mL). The organic extract was washed with 1 M aq. KOH (10 mL), dried over anhydrous Na 2 SO 4 , filtered and concentrated under vacuum to obtain a mixture of products 6t and 6u.
In a round-bottom flask the mixture of products 6t and 6u was dissolved in 10 M aq. NaOH solution (10 mL) and toluene (10 mL) was added. The mixture was heated to reflux for 5 h and the progress of the reaction was monitored by TLC. After completion, the mixture was cooled, acidified with dilute HCl, stirred for 1 h and extracted with toluene (10 mL). The organic extract was dried over anhydrous Na 2 SO 4 , filtered and concentrated under vacuum to obtain pure 7.
2-(Phenylamino)ethanol (3a)
Yield: 0.5367 g (73%); yellow-brown oil; R f = 0.60 (hexanes/EtOAc, 65:35). 
2-(o-Tolylamino)ethanol (3b)
Yield: 0.5290 g (75%); dark-brown oil; R f = 0. 55 
2,2′-(2-Methoxyphenylazanediyl)diethanol (4e)
Yield: 0.1275 g (15%); dark-brown oil; R f = 0.20 (hexanes/EtOAc, 50:50). 
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2,2′-(3-Chlorophenylazanediyl)diethanol (4i)
2,2′-(4-Bromophenylazanediyl)diethanol (4k)
Yield: 0.0456 g (6%); off-white solid; mp 88-93 °C; R f = 0.29 (hexanes/EtOAc, 60:40). : 3271, 2947, 2862, 1759, 1582, 1489, 1358, 1242, 1173,  1103, 1057, 1011, 910, 849, 802, 640, 548, 548, 494 
IR (neat)
2-(m-Tolyloxy)ethanol (6c)
Yield: 0.6967 g (99%); colorless liquid; R f = 0.52 (hexanes/EtOAc 90:10 
2-(p-Tolyloxy)ethanol (6d)
Yield: 0.6967 g (99%); colorless liquid; R f = 0.50 (hexanes/EtOAc, 90:10). 
IR
2-(4-Chlorophenoxy)ethanol (6l)
Yield: 0.6044 g (90%); dark-brown liquid; R f = 0.47 (hexanes/EtOAc, 85:15). IR (neat): 3526, 3360, 2943, 2874, 2361, 2330, 1921, 1759, 1690, 1643, 1605, 1582, 1520, 1485, 1450, 1350, 1277, 1254, 1165 
2-(4-(2,4,4-Trimethylpentan-2-yl)phenoxy)ethanol (6p)
Yield: 0.5948 g (98%); pale-yellow liquid; R f = 0.55 (hexanes/EtOAc, 90:10). 
IR
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